; received September 8, 1971) Increased glycolysis in tumour tissue has first been observed by WARBURG in 1923 and has since been postulated to be the origin of tumour formation 1 . One possibility to increase the production of lactate, is to prevent the conversion of pyruvate, which is derived from glucose via the Emden -Meyerhof pathway, into acetyl-CoA. Pyruvate will then function as a hydrogen acceptor from NADH, resulting in the formation of lactic acid.
The conversion of pyruvate into acetyl-CoA is catalysed by the pyruvate dehydrogenase complex which contains covalently bound lipoic acid as cofactor 2 . This cofactor can be released by lipoamidase 3 causing inactivity of the pyruvate dehydrogenase complex.
Since virally induced tumours also have an increased glycolytic activity 4 , it was investigated whether tumour viruses can induce lipoamidase activity. 35 S-proteins from E. coli including lipoic acid were, therefore, incubated with homogenates of yeast, known to contain lipoamidase 5 . They served as a control. In addition, extracts of SV 40 -and RSV -induced tumours and homogenates of hamster kidney and chicken muscle (corresponding normal tissues) were tested. The released radioactive lipoic acid was extracted with benzene and identified by thinlayer chromatography. The radiochromatogram (see Fig. 1 ) shows the results obtained with the tumour induced by the DNA containing SV 40 virus. It can be seen that lipoamidase activity is present in yeast but neither in the tumour nor in the kidney tissue. The same result was obtained when a tumour induced by the RNA virus RSV was compared with chicken muscle. In both cases lipoamidase activity was absent. An increased glycolysis in virus induced tumours via an induction of lipoamidase can therefore be excluded.
The observations of REED and co-workers 6 ' 7 offer an alternative for viruses to influence the pyruvate dehydrogenase complex via the induction or repression of a single enzyme. They showed that the regulation of the pyruvate dehydrogenase complex in a variety of tissues is effected by a kinase and a phosphorylase. The first enzyme phosphorylates the pyruvate dehydro- genase complex and thus prevents the formation of acetyl-CoA. This block can be released by the action of the phosphorylase. The induction of the proper kinase or the repression of phosphorylase activity by viruses would produce the same effect as the induction of lipoamidase i. e. an increased glycolysis of the infected cell.
Methods
Protein was estimated by the FoLlN-LowRy method using bovine serum albumine as a standard 8 .
Growth of E. coli and Isolation of 35 S-protein
E. coli was grown in 600 ml M 9 medium 9 containing only 1/3 of the usual amount of sulphate and 10 mCi of carrier-free Na2 35 S04 (Radiochemical Center, Amersham). The bacteria were collected by centrifugation, washed twice with 0.1 M potassium phosphate buffer, pH = 7.0, 0.005 M Na2S04 , and were disrupted 5 G. R. SEAMAN (4 min) at 10 kcal with the Branson sonifier in 10 ml of the same buffer. Differential centrifugation for 15 min at 20,000 g and 2 hrs at 110,000 g gave a high speed sediment which was dissolved overnight in 5 ml of the former buffer and again dialysed. A second differential centrifugation yielded 20 mg protein of high speed sediment which was dissolved in 10 ml 0.02 M potassium phosphate, pH = 7.0. DPM/mg protein = 7,17-10 7 . It was stored at -25 °C until use. 0.3-0.5% of the total radioactivity was 35 S lipoic acid, as estimated after 12 hrs hydrolysis in 6 N HCl at 110 °C and isolation of lipoic acid by thinlayer chromatography.
Preparation of extracts for lipoamidase tests
Tissues and tumours were homogenized in 2 parts of 0.02 M potassium phosphate buffer, pH = 7.0, and disrupted for 30 sec at 10 kcal. Yeast was treated for 30 min 5 . The suspensions were centrifugated at 10,000 g for 30 min, the supernatant solution dialysed against the buffer. Aliquots were taken for protein estimation. The rest was stored at -25 °C until use. Lipoamidase assay lml of homogenate, containing 25 -30 mg of protein, was incubated for 2 -4 hrs at 37 °C with 0.3 ml of 35 S-E. coli protein. Afterwards the protein was precipitated with 4 ml of ethanol containing 100 pg of inactive lipoic acid. The supernatant was evaporated to dryness, dissolved in 1 ml of 5% NaHC03 and extracted twice with 1 ml benzene, which was discarded. The water phase was acidified with 3 N HCl and twice ex tracted with 1.5 ml benzene. The combined benzene fractions were evaporated to dryness, the residue again dissolved in a small amount of benzene and l/3 was chromatographed on cellulose plates (Merck, Darmstadt) with rc-butanol saturated with 0.5 N NH4OH 10 . The radioactivity was estimated in the Packard strip counter. Lipoic acid was located by iodine vapour or by sodium nitroprusside-sodium cyanide n .
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